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BACKGROUND OF THE INVENTION 



1 Field of the Invention. 

The present invention relates to reference voltage circuits and. in particular, to a 
bandgap reference voltage circuit characterized by low power consumption. 

2. Related Art. . . u- u 

Pormble wireless systems have increased the demand for analog crrcmts whrch 

are powered by a low voltage source. Most of these analog circuits use a bandgap 
.ferencecircuitthatgenera.esacons.ant voltage by summingtwo currents orvoltages. 

one is proportional .0 absolute temperature (PTAT) and another that rs 
complementary to absolute temperature (CTAT). The sun, of these currents or voltages 
can be temperature indepcKient and can be used .0 obtain a reference voltage, us.^ly 
.ferred to as a bandgap reference voltage. This .echnique usually requires a rela.,vely 
high power supply voltage of approxima^ly 2.5V-3.3V and a power supply current of 
about.OO,A. Examples ofbandgaprefe^ncecircuitsaredescribedinW^ar . new 

.... o/;,>.«wa ™ /-vo;« <eve.," Elec^-nic. March 29. .979. pp.U .^^^^^ 

1 7^ i.„«,j»nn rpfci-ence "IEEE Journal of Solid-state 
Brokaw, "A simple three Krmmal IC bandgap rejerence, ii; 

Circuits, 1974. SC-9 (6), pp.667-670. 

Recently, various teclmiques have been proposed for des.gmng reference voluge 
circuits that provide precis, reference voltages and that operate a. low supply vol.ages^A 
main emphasis in designing such circui. has been reducing the reference voltage and the 
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power oon^on. Such circuit design ,=c^^,ue. are described ■» 
Lies: Vi«o. e, al.. M CMOS Ba.,,ap Reference,' IEEE Jour^l Of 

Solid-state Circuits, 1979. SCH. No. 3, pp.573-577; Ounawan et al 
„e-C<,.WIow-^'o/«..e IEEE ioum^ Of So ,d State 

. Citcuits. 1993. vol. 28,N0. 6, pp.667-«70;,ianBetal.. 

And Systems-Il: Analog And Digital Signal Processing, 2000, Vo..47. No 6 
pp.667-670; Banba e. al.. 'A CMOS Ban^sap Reference OrcuU WUH Sut-I-V 
L.„o<mEEJoumalOfSoiid.Sta.eCircuits.l999.Vol. 34.No. 5.pp.670.6 4. 
„ r«eof.hesereferences,however.discl„seareferencevoltagecircuitthat,ssunpleand 

: effective.andtHa...asver,.o.po«erconsuntption. -refore -at.ne.^sa 

,in,ple ^ cost effective circuit that provides a precise reference voltage and that has 

very low power consumption. 

SUMMARY 

to one embodiment of the present invention, a bandgap reference circuit incMes 
. Has current source, a tranststor, a first resistor, a second resistor, and a propo«.on. «> 
absolute temperature (PTAT^ current source. The tr^istor has a. em.«er, a coUector. 
:rabase.Lcollect„Hscoupl«.tothebiascu,re„.sourceandtot^e«^res^. 

,„ TTefirstresistoriscoupledbetweenthecoUectorandthesecondreststor. ThePTAT 
!!l.sourceprovidesaPTATcurrent.oanoutputnodebetween,he,irstres.storand 

" ^ th::is, methods, fea^s and advantages of the invention wll be or will 
.come apparent to one with s.1, in the art upon examination of the foUo^g 

anddetaileddescHption. « — ^' f " ^t^— 
and advantages be included within this description, be within the scope of the .nvenuon, 

and be protected by the accompanying claims. 
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Brief Description of the Drawings 

The components in the figures are not necessarily to scale, emphasis instead being 
placed upon illustrating the principles of the invention. In the figures. Uke reference 
numerals designate corresponding parts throughout the different views. 

FIG 1 A is a schematic diagram illustrating a bandgap reference circuit for 
generatingareferencevoltageV„.in accordance with one embodiment ofthe invention. 

FIG. IB is a schematic diagram illustrating a bandgap reference circuit that is an 
alternative embodiment to the bandgap reference circuit illustrated in FIG. 1 A. 

FIG 2 is a schematic diagram of a bandgap reference circuit iUustratmg one 

possible approach for generating the bias current and the proportional to absolute 

temperature (PTAT) current depicted in FIGS. 1 A and IB. 

FIG 3 isagraph depictmg variations in the reference voltage V.efandmthe 

power supply current I. for a bandgap reference circuit using a voltage source V. equal 

''^''fIG 4isagraphdepictingvariations in the reference voltage V.fand in the 
power supply current I. forabandgap reference circuitusingavoltagesourceV.equal 

to 1.2V. ^ . . 

FIG 5 is a block diagram illustrating a non-limiting example of a simplified 

portable transceiver in which an embodunent of the invention may be implemented. 
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DETAILED DESCRIPTION 

FIG 1 A is a schematic diagram illustrating a bandgap reference circuit 100 for 
generating a reference voltage V.f in accordance with one embodiment of the invention. 
Circuit 100 includes a transistor Ql, a bias current source 101 for generating a bias 
current Ibias, a proportional to absolute temperature (PTAT) current source 1 02 for 
generating a PTAT current W a first resistor Rl , and a second resistor R2. Transistor 
Ql which can be any type of bipolar transistor (e.g. pnpornpn),hasabasetennmalBl, 
acollector terminal CUand an emitterterminal El. Base terminal Bl is coupled to 
collector terminal CI, whereas emitter terminal El is coupled to ground 103. Transistor 
Ql generates a base-emitter voltage (V,e) that is divided at output node 105 through 
resistorsRl andR2. Resistor Rl couples between the terminal CI and output node 105. 
Resistor R2 couples between output node 105 and ground 103. Bias current source 101 
supplies bias current le^Asto terminals Bl and CI, and current source 102 supplies PTAT 

current Iptat to output node 105. 

The voltage V,e causes a CTAT current Ictat to flow fi-om node 104 to node 105. 
THe current Ictat and a portion of current W combine to form a current Ir^ which 
flows through resistor R2 to generate reference voltage V.ef at output node 105. The 
reference voltage is therefore made up of two components: a CTAT voltage Vcpat 
that is proportional to and a PTAT voltage Vptat that is proportional to I^at- The 
value for the reference voltage V,ef can be determined as follows: 



Vref = VcTAT + Vptat 

___R2_.Vbe + -^^I"AT (EQ.l) 

"R1+R2 R1+R2 
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By choosing suiub.e values for resistors R, and R2 and for *e PTAT 
reLnce voltage V. can be maintained at a substanUaUy constant level regardless of 
variations in the temperature of the citctrit. .,,„,h„k 
FIG IB is a schematic diagram illustrating a bandgap reference cncutt 110 that ,s 
5 . alternative embodiment .0 the bandgap reference circuit 100 illustrated in FIG. l A. 
Circuit 1 10 includes a diode 1 1 . having an an«le 112 that is coupled to htas current 
^ ,01. and a cathode 1 13 that is coupled to ground ,03. Resistor Rl couples 
^eenanode 1,2 a„d output node 105. -^-'-^ ~ ""^^f:^, 

and ground 103. Current source 101 supplies bias current ,a,„to anode ,12, and cunem 
,„ :2:.02su,.liesPTATeu.ren.Wtooutputnode.O. -----sad.^ 
v„ItageV..ha.causesaCTATcurrentIcr.toflowftomnode.04ton eml^e^ 

current W and a portion of the current I„„ combine to form a current . * . flows 
tough resistor R2 thereby generating reference voltage V^at output node 105. TTe 
value for the reference voltage can he determined as follows: 



15 



^"^ = 117^2 R1+R2 
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no 2 is a schematic diagram of a bandgap refer«.ce ci™it 200 illustrating one 
possible approach for ge„era.ingcurrents,a.andI„.,Thebandgap,.fer»^o-. 

has relatively few components and is suitable for large-scale mtegratton^ ^o« 
Having ordinary skill in the art will appreciate that other approaches may a^. be us^ to 
genelcurrentsIa.andWr.Thebandgapreferencecircuit200mcluaesres^«>^ 

R, R2 andR3and.ransistorsM..M2.M3.M4.Ql,Q2,andQ3. Trans,s,orsM,.M2. 
M;,andM4c„mpriserespecUvegatet«mh.alsGl,G2,G3,andG«^^ 
terminalsS, S2, S3,and S4, and respectivedrain terminals D1,D2, D3, and LM. 
;lt:!Q2a:dQ3c„mpHserespecavebaseterminalsB2andB3.rcspec.veem.tter 



p 
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.e^nals E2 and E3 a». resp^tWe coUeCo. — C2 and C3. Each of — rs 

LLUhanne, MOSFET), bu. may. in an al«ma.ve embodtaen.. be rep ac^ »■* 
:^I.ran.s.orsueba.fo,e.an.p.e.abip.U.— . — 
p „„*eo*e.ha„d,arep«Mpo.a.— rs,a.a.ough— .Q.^^ 

1 be replaced with bipolar diodes. The ba^ terminal B3 is coupled .o to collator 

may be repiacea wiui v , . , ni Resistor R3 couples between 

terminal C3 to base terminal B2, and to dram tenmnal Dl . Resistor Ri co p 
terminan-:>, I" and G4 are coupled to 

• 1 CO o«H arniind 103 Gate termmals Gl, 02, OJ, ana vjt oi 
emitter termmalEz and grouno iv; J. »jai 

"Id^er ,ocoUecU.r.nni„alC2, and. o drain tenni„alD2. So.^.enn«alsSl. . 
rlt:recoupled.ooneanother.d.oavol.ges„ur.V..ba.pro«de.asupp.y 

„ Itl 0.erl.nen...ha. — Q., raster Kl, and re..»,H.a« 

f: -P'«'-^'='''*°^^'^*";rmTc«ren..„ Tbe value of to current 

r. Transistors Q2 and Q3 create a Widlar PTAT current iw. 

i 1*1 

Iw can be determined as follows: 



b 

Q 10 

113 

m 
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p 



^ q.R3 A3 



20 



„,ere k = Bo..»ann-s constant, T - absolute temperature in "K. , - to charge of 
:l„.A21stoin.er^e^be.«^«.een.i..«.ermin.andto— Of 

^UtorQ2,andA3istointer^areabe.weentocm.tterterm.n^^^^^^^ 
■ , of transistor 03 The value ofkT/q is commonly referred to as to tormal 

aturedepend... 

^rror that produces currents la« and W- Currents Is^ and are related 
current Iw as follows: 
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W3L2 (EQ.5) 



The«n«sW2 W3,a„dW4repre«n.fte«idteofga.eKrmtodsG2.03.andG4 

e^a^plfs— fo,ba™l.ap.f«e„ce..cuK200<nO.2),w.e— 

riQ3 a«silicon.ge— (SiO.)bipolar«ansis.ors. These graph-ca. 
Q2,an(igjaresmcu g • 900 can orovide a reference voltage 

I p,eu„e„..«of.e.s*.tl^. «*o».d.een,phasi.ea«..i«a.«™uve 

suitable type of biHatransistoi. :„ .h, „ference voltage 

FIG 3isagtaphKalUlus,ra.ion300depKti„gvanat,ons.nther.ferene.vo 

V andtathesupplycurrentl^forabandgapreferencedreuitZOOusingavoltage 

Vrf and m the supply im r^nresents the output voltage V,rfm 

s„u«V.equaltol.0V.Theftstve,«ealax,s302represe„ts. J 

„V, the second vertical axU 304 tepte^ts the supply cuttent ... tn .A and t e 
_.a.ls30.teptesen..ec....^-^^^^^^^ 

I::,lvandtHesl.nulatedsupp,ycuttentl«vaHesbyabou.O.«^-^^^ 

LperaUTC range of -40"C,o80"C. A,a.eu,peratu«ofapproxuna.ely27 C »om 
temperaxurci g , „„tT of about 0 94nA from a voltage 

temperature), circuit 200 draws a supply current la. of about 0.9 n 
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source V^c^alto l.OV. Therefo.,fte^oun, of power consumed a. roo» 

temperature is only about 0.94 (0.94^ times 1 .OV). 

no 4isa grapWcaliUus,rano„400depictingvariatio„sintherefere„cev„l.age 

V„, and in the supply current for a bandgap reference circuit 200 usi^g a v„,«ge 
lolceV.cualtol.V. Line segments 408 and 4,2 represent plots of the output 
vZClthe supply current,., respec«vely.overtempera»e,Msh„™.nF G. 

voltageV„, F . ^^^o.5mV and the simuiated supply 

4,thesimulatedrcfere„cevoltageV,„vanesbyab , ^.^.^^.^ Ata 

current varies by about 0.43^A over a temperature range of -^0 ^'^ 
.emperatureof27X,circui.200drawsasupply currentl^of about 6^.^1^^^^^ 
^eamountofpov^er consumed a.room.empera.ureisonlyab«utl.l5.W(0.96^tA 

' no 5 is a blo* diagram illustrating a non-limiting example of a simplified 
portabletransceiverSDOinwhichembodimentsofthebandgapreferencecircutts .00. 
portable tranbi^ci . ^^„teH The bandgap reference circuit 

1 10 and 200 (FIGS. 1 A, IB, and 2) may be implemented. The banagap 

■::uLtoprovtdeavol.ageV.tomanyofthecom.nentsof.r^^^^^^^^ 

,uc,udh«,forexamp,e,an.og-to.di,tMconvertcr524,dig...^.a^^^^^ 

^edtotheportabletrar^eiverSOOortowirelesscommumcatto.^^^^ 
devices that may incorporate an embodiment of the invenfon mclude. for example, 
dynamic random access memories (DRAMs). 

The portable transceiver 50O includes speaker 502. display 504. keyboard 506. 
andmior„phone508.al.com.ec.^«> baseband subsystem5.0. Inaparfcul. 
3 lodhl.*cpor«..e.ra..ceiver500canbe,forexam,e,butno.hnu^ 

portable telecommunication handset such as a mobile cellular-type telephone. Sp«*e 
display 504 receive si^s tombaseband subsystem 510 v,a connecfon^ 505 
502 and d,sp y Aerophone 508 supply signals to 

and 507, respecUvely. Similarly. Keyooaru .. 
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^bandsubsys.,nM0viaco„„ec.o.5n a„d5,3,resp.c«ve.y. Baseband subsystem 
5,0 incudes mi^op^cesso, (.P) 5.2. memory 5.4. analog circuity 5.6 an .g,.^ 
,g„aIp~(DSP)5.8,eachcoup.ed,oada.bus522. Data bus 522. aimough 
3:Jasasin,ebu..ma,beimp.emen.edus.gn,u>.p.ebussescoune«ed™^ 

among fte subsystems baseband subs,s«m 5.0. Microprocessor 5.2 and memory 
rpLdesij;a.«ming,p™cessi„gands»rage«n,cUonsforpor.b.e — 

^0, circuitry 5 . 6 provides the analog processing tocaons for the s,gna.s «,^n 
baseband subsyst«n 5.0. Baseb=.d subsystem 5,0 provides con.ro. s.gna.s to radro 
ftequency (RF) subsystem 534 via connection 528. Although shown as a smgle 
^ecU:n52S..hecon.r„.signa.smay„Hg.na.e.omOSP5.8or.om^^^^^^ 

5,2, and may he supplied to a variety of points within RF subsystem 534 .t shouWbe 
notld that, for simp.icity, only selected components of a portable transcerver 500 are 

illustrated in FIG. 5. ^^^r\r\r\ and 

Baseband subsystem 5,0 a.so inCudes anaiog-to-dtg-ta. converter (ADC) 524 and 

aigi.a..to.ana,og converter (DAC) 526. ADC 524 and DAC 526 ™* 
Joroprocessor5,2.memory5,4.ana,ogc,rc„itry5,6andDSP5,8v.ada.abus52^^ 

lc526convertsdigit^commu„icationinformationwi«,inbasebands„.^^^^ 

into an analog signal for transmission to RF subsystem 534 ™ — M2^ 

RF subsystem 534 inCudes modulator 544. which, after recetvmg an LO stgna. 

ftom synthesizer 568 via connection 546, moduiates the received anaiog hrformatton and 
":idLamoduh.tedsigna.viac„nnection548toupconver.er550. Upconverter 50 

also receives a trec,uency reference signa. ftom synthesizer 568 via comtecuon 7„. 

synthesizer 568 determines me appropriate ftequency to which upconverter 550 wUl 

^jconvert the modulated signal on comtection 548. „<:,„„„™, 
upconverter 550 supplies a phase.modu.ated signa. via comtectton 556 to pow 

amplifter558. Power amplifter 558 amplifies the modulated signal on c„n,«c on 556 to 
Jappropriate power leve. for t«„smissi„n via co™,ection 564 to antem» 574^ 
nlnsLely, switch 576 controls whether the amplified signal on comtectton 564 .s 
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to an.e,«.a 574 or whete a received signal from antenna 574 ,s suppU«i » 
Z 57S operation of swi.h 576 is oon^oUed by a control si^al from baseband 
Xsl»3.0vaconnection52S.A..erna.vely>e switch 576n,a, be repla^dw,* 

iX-nabletl^sinr— r^issionandr^paonofsign^sto^dfron, 

A^tna, received by antcn.^ 574 will, at .he appropriate tinre determined by 
baseband sys.em5,0,bedirec.edviaswitc.576toarec.ivemter57S.Re«r«^^^^ 

578 filters me received signal and supplies *e filtered signal on conneCron 5S0 « low 
nLamplifier(LNA)582. Receive fU.er57Sisab.dpassfilter,v*.chpas.saU 

,^;„f«.eparticu..ce.lu,arsys.c.inwHicb.bepor,a.e.ransee.v«^^^^^^^^ 
operating. AS anexample-foraOlobalSystemForMobileCo^mu.^^^^^^^^^ 
,^MHzsy«e,n, receive filter 578 would pass all ftequences from 935.1MHz 
I^Zz covering all 524 c„ntig»>us channels of 200fflz each. The purpose of .h.s 
r^iectallLluenciesontsidethedesirea.^^^^^ 
^oncoLction580toalevelatwhichdownconver^3S6can.ran^^^ 

L the transmiued fi^uency baC to a b^band Al— the 

Lonality of LNA 582 and downconverter 586 can be accomplrshed usmg o^er 
!rr.s,s!ohasforeKamplebutnotlimitedto.a,ownoiseb,ocMownconver.er 

, ""^^ Downconverter 586 receives anLO signal f^om synthesi^r 568. viacon^ection^ 
' sn TreLOsigna.isusedin..edownconver.er5S6todownconvert.hes.^rece,ved 

fr„mLNA582viaoonnectio„584. The downconverted fre,uency >s called ttre 

Ite freauency ("IF"). Downconverter 586 sends the downconverted s,^al v,a 

:zr5rcZ:.i-.---"--"::r 

, thedownconver.edsignalandsupp.iesitviaco„necfion594todemc.ulato^96^^^^ 
channelfilter5,2se.ec.sonedes.edchan„elandrejecual.o^ers. «e^M 

sys^m as an example, only one of the 524 conUguous channels would b. select^by 
Lei filter 592. T.esynthesi«r568.bycon.rolUng,he local oscllatorficuenoy 
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supplied on connection 572 to downconverter 586, determines the selected channel. 
Demodulator 596 recovers the transmitted analog information and supplies a signal 
representing this information via comiection 597 to amplifier 598. Amplifier 598 
amplifies the signal received via comiection 597 and supplies an amplified signal via 
comiection 599 to ADC 524. ADC 524 converts these analog signals to a digital signal at 
baseband frequency and transfers it via data bus 522 to DSP 5 1 8 for fiirther processing. 

While various embodiments of the invention have been described, it will be 
apparent to those of ordinary skill in the art that many more embodhnents and 
implementations are possible that are within the scope of this invention. 
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